This paper presents three phase Static Synchronous Compensator system using Fuzzy logic controller. STATCOM is a Shunt device which is capable of exchanging both real and reactive power. A novel voltage control based on P-Q theory using fuzzy logic controller has been designed for the STATCOM system. MATLAB simulation can be used to analyze the performance of STATCOM using PI controller as well as Fuzzy logic controller. The difficulty regarding the PI controller gain is the fine tuning of the controller so as to achieve the optimal operation of the task. The major drawback of the PI controller is faced when the process is nonlinear and also when the system is having oscillations. From the results obtained Total Harmonic Distortion (THD) for STATCOM using Fuzzy logic controller is reduced.
Introduction
Power Quality is an issue that is becoming increasingly important to electricity consumers at all levels of usage. Sensitive equipment and non-linear loads are now more common place in both the sectors and the domestic environment. Because of this, much awareness of power quality is developing amongst electricity users. Incidents affecting the electricity supply that were once considered acceptable by electricity companies and users are now often considered a problem to the users of everyday equipment. A wide diversity of solution to power quality problems is available to the both the distribution network operator and the end users.
A representative of converter based VAR compensators is STATCOM, Static synchronous compensator. STATCOM is a self-commutated AC/DC power converter connected in parallel with the power system through coupling reactors. The power electronic switches of the converter are controlled to produce approximately sinusoidal output AC voltages, being in phase with the mains voltages, from the DC-source. Depending on the magnitude of the AC-voltages produced the VARs are either generated or absorbed. STATCOM provides a superior solution for VAR control, voltage regulation, flicker compensation, and fault-ride through improvement. Also grid current harmonic filtering is possible if sufficiently high switching frequency can be used. Typical applications include flicker compensation of large industrial loads such as arc furnaces and VAR control of wind farms. Benefits of STATCOM are improved power quality and network stability, increased transmission capacity, and improved faultride through capability and grid code compliance of renewable generation.
With the recent development of high-power devices [1] - [3] , converters for medium-voltage applications are gaining popularity in the area of flexible AC transmission system (FACTS) devices like reactive-power compensators. A small number of experimental FACTS devices have entered service including STATCOMs [2] , [3] One of the research focuses of the STATCOM operation under unbalanced conditions is the active compensation of unbalanced loads or the rebalance of unbalanced system voltages [7] - [11] . Under unbalanced supply voltages, the flow of the negative-sequence currents on the ac side may cause STATCOM offline due to over current [10] .Static synchronous compensators (STATCOM) using voltage source converters are finding increased utilization in transmission grids to stabilize the power system, increase the maximum active power flow, and regulate the line voltages, as well as in distribution grids to compensate the unbalanced loads, regulate the voltage of distribution lines, and reduce voltage flicker [6] .
In this paper a Static synchronous compensator is designed by using Fuzzy logic controller. The STATCOM consists of a six switch voltage source inverter connected in parallel with the transmission line. The d-q theory provides an independent control of active reactive power by controlling phase and the magnitude of the fundamental component with respect to converter voltage. According to the d-q control theory threephase line voltages and line currents are converted in to its equivalent two-phase system called stationary reference frame. These quantities further transformed into reference frame called synchronous reference frame.
Circuit diagram
The figure 1 shows the circuit diagram of STATCOM which consist of a six switch voltage source inverter connected to a dc capacitor. The STATCOM is connected in shunt with the transmission line through interfacing inductors. The controller is used to provide the required gating signal as well as to control the dc capacitor voltage and voltage injected by the STATCOM. The performance is analysed by using both PI controller as well as Fuzzy Logic Controller. rd 
Instantaneous voltages and currents on the RYB coordinates can be transformed into the quadrature α, β coordinates by Clarke Transformation as follows:
Where T is the transformation matrix These voltages in α-β reference frame can further be transformed into rotating d-q reference frame:
Where ω r is the angular velocity of the d-q reference frame.
P-Q theory applied to STATCOM
p is usually the only desirable p-q theory power component. This quantity is delivered from the power supply to the load, through the active filter. This means that the energy previously transferred from the source to the load through the zero-sequence components of voltage and current, is now delivered in a balanced way from the source phases. It is also possible to conclude from that the active filter capacitor is only necessary to compensate p~ and p0 ~ , since these quantities must be stored in this component at one moment to be later delivered to the load. The instantaneous imaginary power (q), which includes the conventional reactive power, is compensated without the contribution of the capacitor. This means that, the size of the capacitor does not depend on the amount of reactive power to be compensated. To calculate the reference compensation currents in the α-β coordinates, the expression is 
This approach, when applied to a three-phase system with balanced sinusoidal voltages, produces the following results: (i) the phase supply currents become sinusoidal, balanced, and in phase with the voltages (ii) the neutral current is made equal to zero, (iii) the total instantaneous power supplied, The sinusoidal supply current control strategy must be used when the voltages are distorted or unbalanced and sinusoidal currents are desired.
Design of a fuzzy controller
The difficulty regarding the PI controller gain is the fine tuning of the controller so as to achieve the optimal operation of the task. The major drawback of the PI controller is faced when the process is nonlinear and also when the system is having oscillations. Considering all these facts, a fuzzy logic controller was implemented. A fuzzy controller can work in linear as well as in nonlinear design parameters. FL requires some numerical parameters in order to operate such as what is considered significant error and significant rate-of-change-oferror, but exact values of these numbers are usually not critical unless very responsive performance is required in which case empirical tuning would determine them. FL requires some numerical parameters in order to operate such as what is considered significant error and significant rate-of-change-of-error, but exact values of these numbers are usually not critical unless very responsive performance is required in which case empirical tuning would determine them. For example, a simple temperature control system could use a single temperature feedback sensor whose data is subtracted from the command signal to compute "error" and then time-differentiated to yield the error slope or rate-ofchange-of-error, hereafter called "error-dot".
Simulation Block Diagram
The simulation block diagram is described as follows. The simulation diagram consists of STATCOM using PI controller as well as STATCOM using FL controller.
Simulation Diagram of STATCOM using PI controller
The simulation can be done by using MATLAB .The simulation block diagram of STATCOM using PI controller as well as Fuzzy logic controller are as follows These voltage values were added and frequency value was noted. This frequency with a,b,c coordinates will give the voltage which was injected to the load side during current harmonic condition. similarly the three phase supply voltage was given to the fuzzy controller to get dq and theta value which were given to the harmonic current exciter and hysteresis controller. The output of harmonic current exciter and I shunt were given to the hysteresis controller. The output of this was given to the PLL to get the frequency. This frequency with a,b,c coordinates will give the voltage which was injected to the load side during current harmonic condition. The compensated waveform of voltage and current for STATCOM using PI controller is shown in figure 10 . The Total harmonic distortion for the compensated voltage harmonics of Static synchronous compensator system using PI controller is 6.5% which is shown in figure 11.
Simulation Diagram of STATCOM using FLC

Pulses for STATCOM using PI controller
Pulses for STATCOM using FLC
Figure 12: Pulses for Shunt Compensator. The compensated waveform of voltage and current for STATCOM using Fuzzy Logic Controller is shown in figure  14 .The Total harmonic distortion for STATCOM using FLC is 2.52% is shown in figure 15 . From figure 15 and figure 11 the Total Harmonic Distortion value is reduced by 3.98 % 
Uncompensated Waveform of voltage
Conclusion
In this paper a Static Synchronous Compensator system is designed by using Fuzzy logic controller. The P-Q theory has been used in the control of active filters which makes the phase supply currents sinusoidal, balanced, and in phase with the voltages. MATLAB simulation shows performance of the STATCOM using PI controller and Fuzzy logic controller(FLC). From the results we can conclude that the value THD was highly reduced in Fuzzy logic controller when compared to PI controller. FLC is inherently robust since it does not require precise, noise-free inputs and can be programmed to fail be safely if a feedback sensor quits or is destroyed. The output control is a smooth control function despite a wide range of input variations.
